Introduction
The thermal structure of the high latitude mesosphere and lower thermosphere (HLMLT) 1 that the FS technique shows excellent overall agreement with entirely different rocket borne 2 temperature measurements with much better altitude resolution [Rapp et al., 2001 [Rapp et al., , 2002b . In 3 particular the mean mesopause structure which corresponds to a spatial scale of 10-15 km is 4 nicely reproduced. During some of the ROMA flights we have observed a peculiar small scale 5 sinusoidal variation of unknown origin in the trajectory data of the lower part of the flight (below 6 approximately 55 km). Since the reason for these variations is not yet understood and since we 7 concentrate on the mesosphere in this paper, we decided to ignore the FS data below 55 km. 8 In Table 1 the dates and times of all falling sphere flights during the ROMA campaign are listed. Table 1 9
For completeness we have included rocket flights where high resolution wind measurements with 10 the foil cloud ('chaff') technique were performed [Widdel, 1990] . As can be seen from this table a 11 time interval of 3-4 days between two FS flights was chosen to achieve a good temporal coverage 12 of the seasonal variation of temperatures. Occasionally, two launches were performed on the 13 same day to study special events, for example a NLC. Most of the launches took place close to 14 local noon, i. e., at the same time of the day, to avoid tidal effects and to facilitate comparison with 6 F.-J. LÜBKEN AND A. MÜLLEMANN: MESOSPHERIC SUMMER TEMPERATURES AT 78 AE N brought to Svalbard in May 2001 and gave temperature profiles between approximately 85 and 1 100 km, most of them were taken during full daylight conditions. A detailed presentation of 2 data from this lidar will be given in a future publication. The lidar temperatures are available at 3 15 minutes and 1 km interval. To obtain the start temperature mentioned above these profiles 4 have been averaged over 24 hours and a running mean over the summer season was calculated.
5
The uncertainty of the K lidar temperatures is typically a few Kelvin. The availability of the 6 K lidar temperatures significantly improves the FS data analysis since the uncertainty in start 7 temperature T AE described in the previous section, is reduced substantially.
8
Another ground based instrument of importance here is the SOUSY (sounding system) VHF 9 radar of the Max-Planck Institute for Aeronomie in Katlenburg-Lindau (Germany) which is 10 installed only 15 km from the launch site [Czechowsky et al., 1998] . A detailed comparison of 11 PMSE detected by this radar with temperature profiles reported here will be presented in the 12 future.
13
In Figure 1 two temperature profiles are shown: One is the very first measured in the meso- Figure 1 14 sphere at these high latitudes (ROFS01 on July 16), and the other is a typical profile from the end 15 of the campaign (ROFS28 from September 14). For comparison we show mean profiles from a 16 compilation of measurements at Andøya (69 AE N, 16 AE E), i. e., at a similar longitude but approxi-17 mately 10 degrees further south [Lübken, 1999] . This compilation will hereafter be referred to as are much higher compared to summer and are also somewhat more variable from flight to 10 flight. Furthermore, a mesopause cannot clearly be identified which indicates that the minimum 11 temperature is located above the upper altitude limit of the FS technique.
12
In order to obtain a seasonal variation of temperatures we have taken all measurements at a 13 given altitude and calculated the mean temperature in time bins of 0.25 months. These mean Table 2 . Note the very cold summer mesopause at 89-90 km Plate 1 Table 2 21 with temperatures below 130 AE K and the transition from summer to winter at the end of August.
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It is interesting to note that at mesopause altitudes the temperature actually decreases slightly 1 in the first 1-2 weeks of the campaign (see Plate 1). For example, at 88 km the temperature 2 decreases by 4 AE K from mid July until beginning of August (see Table 2 ). We have carefully 3 checked that this decrease is not caused by the local temperature maximum observed in the very 4 first flight (see Figure 1 ) by approximating the ROFS01 profile by a smooth profile which no 5 longer shows the local maximum. The small temperature decrease is in fact present in the first 6 5 flights and therefore shows up in the smoothed mean profiles of Table 2 . Whether or not 7 this decrease is of geophysical relevance cannot definitely be stated here since the number of 8 measurements is comparatively small.
9
The individual mass density profiles were smoothed similarly to the temperatures, i. e. the raw 10 densities at a given altitude were averaged and a spline fit was determined to the logarithm of 11 the average densities. Flights ROFS06 and ROFS09 were ignored in this procedure since there 12 was an apparent offset in the densities probably caused by a partial collapse of the sphere (the 13 temperatures rely on the density gradients which were apparently not affected). The densities 14 resulting from this procedure are listed in Table 3 . Table 3 15 3. Discussion
Temperatures in the mesopause region
We start the discussion of our temperature measurements by presenting all individual data 16 points at an altitude of 82 km, i. e., at typical NLC altitudes in Figure 3 Table 4 ). A temperature of 150 AE K at 82 km has frequently Lübken et al., 1999] . This surprising steadiness of the thermal structure at NLC/PMSE 2 altitudes has earlier been labeled 'equithermal submesopause'.
3
In Figure 3 the transition from summer to winter occurs after approximately the end of August 4 which is significantly later compared to 69 AE N. This implies that at 82 km the atmosphere is 5 significantly colder by 5-10 AE K compared to FJL-JGR99 from mid August until the end of the 6 ROMA campaign. We note, however, that the data base leading to the FJL-JGR99 climatology 7 is rather limited in the transition period and that this difference could at least partly be due to 8 natural variability.
9
For each profile in the summer season (July 16 to August 23) we have derived the mesopause 10 altitude and temperature (see Table 4 ). The mean mesopause temperature is 128¦6 AE K at an 11 altitude of 89¦1.5 km, where the variability given is the RMS deviation from the mean. A closer 12 look to the smoothed temperatures in Table 2 shows that the mesopause temperature actually Figure 1) is not a prominent feature in our measurements. We 16 see a clear double structured mesopause in only two flights (ROFS01 and ROFS07) and a weak 17 tendency to such a structure in two more flights (ROFS02 and ROFS03), i. e. in only 2(+2) out of 18 14 flights in the summer season. We note that a double structured mesopause has occasionally 19 been observed at 69 AE N. This feature should not be mixed with the double mesopause structure 20 described in e. g. Berger and von Zahn [1999] which is a persistent and not a sporadic feature 21 with temperature minima at 88 and 100 km, respectively. The upper minimum is above the 14 This means that we cannot account for any year-to-year variability in our comparison. 15 We have compared the mesopause altitude and temperature for the main summer season part 16 of ROMA using the mean smoothed temperatures presented in Table 2 and similar data presented 17 in FJL-JGR99. In the time period 7.50-8.25 (nomenclature from It is interesting to note that the variation of the summer mesopause altitude and temperature 5 with latitude is also present in the IAP version of the Cologne Model of the Middle Atmosphere 6 (COMMA/IAP) [Berger and von Zahn, 1999; von Zahn and Berger, 2002] . For midsummer 7 conditions this model predicts a mesopause altitude increase by approximately 1 km per 10 8 degrees latitude and a corresponding mesopause temperature decrease by approximately 8-10 AE K, 9 in general agreement with our observations.
10
The mass densities at both sites are very similar in the entire mesosphere for the months of to the COSPAR international reference atmosphere (CIRA-1986) and also lower, but to a lesser 16 extent, compared to the MSIS (mass spectrometer and incoherent scatter data) empirical model 17 [Fleming et al., 1990; Hedin, 1991] . In the upper mesosphere from mid July until beginning of 18 September the difference to CIRA-1986 is typically -(10-20) K and the difference to MSIS is 19 -(0-18) K. 20
Implications for the existence of ice particles
We will now discuss in more detail the relationship between the seasonal variation of upper with super-saturation (see Figure 2a ). For example, at 87 km the frost point temperature is 19 T =143 AE K which is larger than the maximum temperature observed at this height (T Ñ Ü =138 AE K).
20
It is obvious from Figure 1 that the actual temperatures from ROFS28 are much higher compared 21 D R A F T July 3, 2002, 12:00pm D R A F T to T so that ice particles cannot exist. In the transition period (ROFS18-ROFS22 in Figure 2b ) 1 temperatures can still be very low, say below 150 K, but are only marginally below T . The 2 altitude range where ice particles can exist is rather small (a few km only). The profile from 3 ROFS22 on September 1 is the last in our sequence where temperatures were close to T .
4
In Figure 4 we show a contour plot of the degree of saturation as a function of altitude and are frequently detected at altitudes between 82 and 92 km, consistent with our temperature 17 measurements. We note, however, that the double layered structure observed in PMSEs are 18 most likely not caused by the thermal structure since double layered mesopause temperature are 19 not a prominent feature in our observations (see above). This is probably not surprising since 20 the occurrence of low enough temperatures (more precisely the existence of ice particles) is a 21 necessary but not sufficient condition for PMSE [Cho and Röttger, 1997; Rapp et al., 2002a ; Table 2 and 3, respectively, and water vapor concentrations from the model of Körner and Sonnemann [2001] . The color code is explained in the insert (values in Kelvin). 
